Persistent organic pollutants (POPs) can be transferred through the placenta and breast milk to the developing human offspring, carrying immediate and delayed health risks. We sought to evaluate potential levels of exposure to POPs during critical windows of development: pregnancy and lactation. Two cross-sectional studies were carried out in villages of the states of Sonora and Sinaloa in Mexico, where high levels of POPs have been detected through environmental and human monitoring. POPs were measured in the serum of 60 fertile-aged women in the first study. Breast milk POPs concentrations were measured in a pooled sample of 50 women in the second study. This may be the first study in Mexico to report breast milk dioxins' and furans' concentrations. The most commonly detected POPs in serum were: pentachloroanisole (71 %), PCB 205 (43 %), tetrachlorobenzenes (17-33 %), p,p'DDE (21 %), and toxic lindane by-products α-HCH or β-HCH (15 %). Congeners of furans and dioxins with the highest concentrations in milk were 2,3,4,7,8-PeCDF (3.42 pg/g) and OCDD (33.0 pg/g), respectively. The ∑ PCDD/Fs found in this study was lower than in other studies. Both serum and milk samples of fertile-aged women suggest that p,p'DDE and PCB 180 are prevalent local POPs, among others, that may reach developing embryos and infants via the placenta and lactation. These results can serve as a starting point to determine potential levels of exposure to POPs in the most vulnerable stages of life and to evaluate concentration trends in the process of eliminating these compounds. 
INTRODUCTION
Persistent organic pollutants (POPs) are carbonbased, resistant to degradation, and lipophilic toxic substances. Since POPs have been massively produce and they accumulate in adipose tissue of living organisms, bioconcentrate in the food chains, and can be transported through long distances, they are widely distributed all over the world (Jones and de Voogt 1999, WHO-UNEP 2016a) .
POPs can be classified in organochlorine pesticides (OCPs), polychlorinated biphenyls (PCBs), and dibenzo-p-dioxins (PCDDs) and dibenzofurans (PCDFs). OCPs have been used for agriculture and for controlling vector-transmitted diseases.
PCBs include 209 compounds that have been used as hydraulic and heat exchange fluids, in capacitors and electrical transformers, and as additives in lubricants, paints, and plastics. PCDDs and PCDFs are unintentionally produced by an incomplete combustion and can be by-products in the production of chlorinated substances. They are emitted mostly from incinerators and automobile emissions (Jones and de Voogt 1999, WHO-UNEP 2016a) .
Human health effects associated with POPs are many and varied: cardiovascular (Huang et al. 2006 , Ljunggren et al. 2014 , endocrine (Bonefeld-Jør-gensen et al. 2014 , Schell et al. 2014 , immunologic (Weisglas-Kuperus et al. 2004) , metabolic (Dirinck et al. 2014 , Tang-Péronard et al. 2015 , neurodevelopmental (Lee et al. 2007 , Strøm et al. 2014 , and reproductive (de Jager et al. 2009 , Yang et al. 2015 .
Some POPs may also be human carcinogens (Lim et al. 2015 , Reaves et al. 2015 .
Developing offspring and children may be more vulnerable to POPs because they present unique routes of exposure (transplacental and breast milk) (Needham et al. 2011 , Vizcaíno et al. 2014 , they go through susceptible phases of development, have immature metabolic pathways, and have more time to acquire a larger body burden and develop effects later in life (Damstra 2002 , Falck et al. 2015 .
The Stockholm Convention, a global treaty to prohibit or restrict the production and use of POPs, states in its article 11 that the parties are to monitor the presence, levels and trends of POPs in the population (WHO-UNEP 2016b) . Mexico, along with the European Union and 178 other nations, is a signing party to the Stockholm Convention (WHO-UNEP 2016c).
This paper comprises two studies done in two northern Mexican states, Sonora and Sinaloa, where exposure to POPs is expected to be considerable, given the past and current local agricultural activities and previous environmental and human monitoring data (Adlard et al. 2014 , Cantú-Soto et al. 2011 , Meza-Montenegro et al. 2013 . Both studies sought to evaluate potential levels of exposure to POPs during critical windows of development.
In the first study, POPs were measured in serum of fertile-aged women to account for the potential burden during pregnancy, since these chemicals can be transferred through the placenta to the developing embryo/fetus.
The second study measured POPs in maternal milk because it is rich in lipids and the main or sole source of nourishment of lactating infants.
METHODS AND MATERIALS
Both studies were cross-sectional and conducted in Sonora and Sinaloa villages selected according to their accessibility and population size: Villa Juárez in both studies, along with Bachomobampo and Bahía de Lobos in the serum study, and along with Etchojoa and Huatabampo in the milk study.
Potential participants for each study were identified from the public health centers' censuses of the villages selected. The women who agreed to participate signed informed consents after being briefed about the corresponding study. If a woman was a minor, informed consent was also obtained from her parents or guardians.
The serum study was conducted in 60 fertile-aged, non-pregnant women from August to September 2009. Eligible women were 18-49 years old, had lived in the study area for at least 10 years, were not pregnant, and had no known chronic or important health problems. Recruitment was conducted until a sample size of 20 women from each of the three selected villages was achieved.
The milk study was conducted from February to April 2011 with women who were in postpartum weeks 2-8 and lactating, primiparous, aged 15-30, with a normally developing puerperium, and had lived in the study area for at least 10 years. If the women reported living near incinerators, pulp and paper industries, metal industries or where chemicals were produced, they were not included in the study.
A population sample was fixed at 50 women, according to the preliminary version of the Guidance on the Global Monitoring Plan for Persistent Organic Pollutants (UNEP 2007). Approval of Mexico's National Institute of Public Health's research, ethics, and biosecurity committees was obtained in advance for both studies.
All participants answered questionnaires inquiring socio-demographic characteristics, potential sources of exposure to POPs, and general and reproductive health. The milk study questionnaires were specially designed by UNEP and the Global Environmental Facility (GEF) for POPs monitoring in breast milk studies (UNEP 2010) .
Field personnel were trained on standard body measurement techniques prior to the study. Height was measured to the nearest 0.1 cm with a Seca© (model 208) portable stadiometer. Weight was measured in kilograms with a portable solar scale for adults, Tanita© (model 1631) which measures to the nearest 0.2 kg for people weighing up to 100 kg, and to the nearest 0.4 kg for people weighing from 100 to 200 kg. The scale was calibrated daily before using it. Body mass index (BMI) was calculated as weight (kg)/square height (m 2 ).
Serum samples
Blood samples were drawn from the antecubital vein of each participant and collected in a 10 mL heparin-containing Vacutainer tube; they were centrifuged to separate the serum and frozen at -20 ºC until analysis. Serum POPs were analyzed in the Marine Geochemistry Laboratory at the Center for Research and Advanced Studies (CINVESTAV), campus Mérida, Mexico, according to the method of Dale et al. (1970) .
Briefly, organochlorine pesticides were extracted and quantified by gas chromatography. Internal standards (200 ng of OCPs) were added to 2.0 mL of serum, and extracted three times with 6.0 mL of hexane during 4 min with a vortex, centrifuged at 2300 rpm for 8 min, and the supernatant extracted with 5.0 mL of hexane.
The extract was concentrated to 1.0 mL with a nitrogen flow at a temperature between 20 and 25 ºC. The extracts were cleaned with 16 g of partially deactivated Florisil (activated to 600 ºC for 4 h and partially deactivated with 5 % w/w water), packed in a glass column using anhydrous sodium sulfate at the top and bottom of the column.
The first fraction was eluted with 6.0 mL hexane and the second fraction was eluted with 6.0 mL of hexane:dichloromethane (7:3 v/v). Fractions were evaporated to 50 µL with a nitrogen flow.
A total of 26 POPs were quantified by gas chromatography using a Hewlett Packard 5890 Series II gas chromatograph, equipped with an micro electron capture detector and with a 25 m long, 0.320 mm of internal diameter with 0.17 µm film thicknesses DB-5 (5 % phenyl-methyl-silicone) Ultra2 capillary column.
Temperature program was: initial, 100 ºC (1 min), final, 300 ºC (rates: 5 ºC/min up to 140 ºC, 1.5 ºC/min up to 250 ºC, 10.0 ºC/min up to 300 ºC). Injector temperature was 275 ºC operated in pulsed splitless mode. Helium was used as the carrier gas at a linear velocity of 1.1 mL/min.
OCPs were quantified using authentic external standards from Ultra Scientific. Blanks and spiked blanks were analyzed simultaneously with each set of samples for quality control and assurance, to check the glassware and chemicals used, and to determine the percent recovery for each batch of samples.
Internal standards added at the beginning of the analyses were used to correct concentrations. To determine the quality of the methods, a recovery study was performed on 10 spiked replicates of blank blood samples, which presented contamination levels below the detection limits.
The fortification study was done with 2 mL of serum sample with different work solutions (2.5, 5.0, 10.0, 20.0 y 40.0 ng/mL) and showed mean recovery values from 80 to 93 %.
Quality control
Limit of detection (LOD) was defined as mean blank + three times the standard deviation. If a chemical was not found in the blanks, LOD was defined as instrumental detection limit (IDL), which was estimated by injecting low concentrations of target analytes until a small peak at ~3:1 signal/noise ratio was obtained.
LODs are expressed in ng/mL. POPs concentrations were adjusted by estimated lipids, but these were not measured in the samples.
Total serum lipid levels were estimated using Mexico's national total cholesterol and total triglycerides averages in 20 to 60 year-old women: 202.0 and 131.5 mg/dL, respectively, according to the National Survey on Health and Nutrition 2006 (AguilarSalinas et al. 2010) . The formula by Phillips et al. (1989) was used to estimate total lipids (equation 1).
Serum lipids = 1.677 × (total cholesterolfree cholesterol) + free cholesterol + triglycerides + phospholipids
Free cholesterol is defined as 27 % of total cholesterol, while phospholipids levels were estimated with Phillips (equation 2):
everything expressed in grams per liter.
POPs in milk
A 50 mL milk sample was requested from every participant. Instructions on how to produce the sample were based on UNEP's Standard Operating Procedure for POP Sampling in Breast Milk (UNEP 2010). These instructions were explained orally and also given in a written card to the women.
Participants were asked to wash their hands and breasts thoroughly, using clean water only and no soap, before producing a sample. They were requested not to use ointments on the nipple on the sample-collecting day.
In case the women had applied ointments to the nipple on the sampling day, they should wash it with soap and rinse it thoroughly. Milk collection should be scheduled at the baby's regular feeding time, usually 2 h after the previous one.
The women could either use manual expression (preferred) or a breast pump to collect hind milk, that is, milk expressed towards the end of each feeding. Milk was directly collected in a special 100 mL prewashed glass bottle provided by the laboratory that analyzed the samples. In case a woman could not express any milk at the scheduled time, she kept the glass bottle, produced the sample afterward and placed it in her refrigerator.
Study personnel fetched the sample at the woman's home later on the same day or the following morning. All collected samples were transported in coolers with ice packs and stored in a refrigerator at 4 ºC in the health clinic at Villa Juárez for 36 h. Milk samples were then shipped in coolers with ice packs to the National Institute of Public Health in Cuernavaca, Mexico.
Shipment times ranged between 8-10 h and samples were frozen at -20 ºC upon arrival. When all samples had been collected, each was divided into two 25 mL portions. A pooled sample was prepared by thawing each sample to room temperature, then vigorously shaking it, and immediately afterward taking a 25 mL aliquot into a 2000 mL bottle (50 samples × 25 mL each = 1250 mL).
The pooled sample was frozen at -20 ºC and then shipped to the laboratory within 48 h. The remaining 25 mL of each sample were deep-frozen and stored for future analysis, if possible.
Milk sample analysis
The pooled milk sample was analyzed by the State Institute for Chemical and Veterinary Analysis of Food (CVUA) in Freiburg, Germany. This laboratory has successfully participated in more than 50 proficiency tests since 1994, with the majority in the past decade.
Among other, the following relevant criteria were met for each batch: reagent blanks were analyzed by performance of a complete analysis using the solvents and reagents, only, in the absence of any sample. Different quality control samples of certified reference material were analyzed.
Uncontaminated fat samples were analyzed as quality assurance/quality control (QA/QC) samples after spiking of all reported analytes. The recovery rates of the internal standards in the samples, as well as the analytes in the QA/QC samples, were in the range of 70-120 %, which met the requirements of the guidelines.
Calibration was based on a multilevel (three or four concentrations) calibration curve including bracketing calibration to control the drift of the relative response (UNEP 2010).
Organochlorine pesticides and PCBs determination
First, the whole sample was freeze-dried and then, fat and POPs of interest were extracted using a hot extraction device (Twisselmann extractor) with cyclohexane/toluene (50/50) for 8 h. Up to 0.5 g of the fat extract was re-dissolved in cyclohexane/ethyl acetate and the internal standards (2,4,5-trichlorobiphenly and Mirex), dissolved in cyclohexane, were added.The European standardized methods for pesticide residue analysis for fatty food principles were followed for the cleanup parts of the analytical method followed.
Gel permeation chromatography was performed on a chromatography column using Bio-Beads S-X3 with cyclohexane/ethyl acetate as the eluting solvent to remove fat. For the final cleanup steps after concentration and transfer into iso-octane, chromatography on a small column of partially deactivated silica gel was used with toluene as eluent.
For this, silica gel (70-230 mesh) was heated overnight at 130 ºC and allowed to cool in a desiccator. After adding 1.5 % of water, it was shaken for 30 min and then stored in a tightly sealed container. The chromatographic tube was packed with 1 g of deactivated silica gel.
POPs determination was performed with gas chromatography (GC)-electron capture detector using a GC (Fisons Mega 2) with two parallel columns of different polarity (fused silica no. 1:30 m PS-088 [97.5 percent Dimethyl-2.5 percent diphenylsiloxane copolymer] 0.32 mm id., 0.32 μm film thickness, fused silica no. 2:30 m OV-1701-OH, 0.32 mm id., 0.25 μm film thickness, both columns customs column made). The limit of quantification (LOQ) was 0.5 ng/g fat (UNEP 2017).
PCDDs, PCDFs and PCBs determination
Lipids, PCDDs, PCDFs and PCBs of interest were extracted from freeze-dried human milk as described above for OCPs and PCB. Once the solvent (cyclohexane/toluene) was evaporated, an aliquot of fat was spiked with C-labeled internal standards (17 PCDD/Fs, 5 non-ortho PCBs [37, 77, 81, 126, 169] , 6 mono-ortho PCBs [28, 60, 105, 118, 156, 189] and 7 di-ortho PCBs [52, 101, 153, 138, 180, 194 and 209] ).
By means of gel permeation chromatography on Bio Beads S-X3, fat was removed. The remaining oxidizable substances were removed with a silica column impregnated with sulphuric acid. PCDD/F were separated from PCBs using a florisil column and the PCDD/F-fraction was purified on a Carbopack C-column.
After adding 1,2,3,4-13C12-TCDD, high-resolution gas chromatography/high-resolution mass spectrometry (HRGC/HRMS) was used for the determination (Fisons Autospec; resolution 10 000; DB5-MS).
The PCBs were separated on a Carbopack Bcolumn into three fractions: di-ortho PCBs (elution with hexane), mono-ortho PCBs (elution with hexane/toluene; 92.5/7.5), and non-ortho PCBs (reversed elution with toluene). Once 13C12-PCB 80 was added, the different PCB groups were determined through HRGC/HRMS (Fisons Autospec; resolution 10 000; DB5-MS) in three separate runs. Marker PCBs were PCB 28, 52, 101, 138, 153 and 180 (UNEP 2017) .
Statistical analysis
Percentages of serum samples with detectable POPs levels were estimated based on their frequency. The prevalence of each POP was considered as the percentage of samples with a detectable level of that specific compound. Serum POPs reported as being below the detection limit were considered as being half the value of the detection limit and analyzed as such. Geometric means, instead of arithmetic ones, were estimated due to the log-normal distribution of serum POPs concentrations. The range of values of each one of the serum POPs was also estimated both for the non-adjusted concentrations and the lipidadjusted ones. Since POPs concentrations in milk were determined from a pooled sample, only a single summary value is reported for each one of them.
Mean differences of each of the serum POPs were analyzed according to the categories of potential predictors using t-tests; linear regressions were used to evaluate the magnitude and direction of the association between continuous levels of each potential determinant and each of the POPs.
All of the statistical analyses of the data were conducted using Stata 10 for Windows (Stata Statistical Software Release 10, 2007) .
RESULTS

POPs in serum study
The participating women's age ranged between 19 and 49 years, with a mean of 35. In regards to smoking, 10 % said they currently smoked and 20 % said they had smoked at some time in their lives. On average, they had three children, were first pregnant at 19 years of age, had either started or completed middle school education, had reportedly been living in the study area for 29 years, had a BMI = 29, and had a hemoglobin level = 11.8 mg/dL.
Depending on the village of origin, from 15 % (in Villa Juárez) to 40 % (in Bachomobampo) of the women reported burning their household waste as a means of disposing of it. Only in Bahía de Lobos did women (5 %) mentioned using wood as the sole fuel for cooking.
Regarding their occupation, 57 % of the participants reported being homemakers, 32 % reported working in the fields (on average for 7 years), and the rest had diverse occupations. Nonetheless, 91 % declared having done at least temporary work in the fields during the previous year.
Besides working in the fields, another potential source of exposure to OCPs was the use of head lice treatment, reported by 50 % of the women. However, the active ingredient of the product they used was phenothrin, a synthetic pyrethroid. Also, 8 % reported having used a cattle parasiticidal product whose active ingredient was coumaphos, an organophosphate pesticide.
Concentrations of organochlorine compounds and PCBs measured in the serum samples are presented in tables I and II, respectively. Both the highest percentages of detection and the highest levels of POPs were found in Villa Juárez, except for α-HCH, γ-HCH, and endosulfan, which showed higher levels in Bahía de Lobos.
Significantly (p < 0.05) higher concentrations of some POPs were seen as age increased (pentachloroanisole, p,p'DDE, mirex, and PCB 7), in those who lived in Villa Juárez compared to living in othervillages, (hep-epoxy-oxy-chlordane, γ-chlordane, DDT and its metabolites, trans-nonachlor, mirex, and PCB 7), or in those who worked in agricultural activities compared to those who worked elsewhere (hep-epoxy-oxychlordane, γ-chlordane, DDT and its metabolites). Most notably, the mean concentration of p,p'DDE was 3 µg/g lipid higher in women from Villa Juárez than in women from other villages, and o,p'DDD was 18 µg/g lipid higher in women who worked in agriculture compared to women who worked in other occupations. However no significant differences were seen in POPs's concentrations according to level of education (up to elementary versus higher), cooking with a wood stove compared to cooking with a gas or electric stove, number of pregnancies, or months of breastfeeding.
POPs in milk study
On average, the participating women's age was 20 years, ranging between 15 and 28. Their offspring's age at the time of the sampling was on average 4.5 weeks, ranging from 3-8 weeks. Seventy-nine percent of women originated from rural villages and 21 % from urban villages. Fifty-five percent of participants reported working before getting pregnant.
Ninety-six percent of the women reported never having smoked, 2 % reported previously smoking and another 2 % reported currently smoking. None of the women reported their homes having ever been sprayed with DDT for vector control.
Lipid adjusted concentrations of OCPs, PCBs, and dioxins and furans measured in the pooled milk sample are reported in tables III, IV, and V, respectively.
DISCUSSION
Our results represent an initial approach in the estimation of exposure levels to POPs in fertile-aged women as a proxy of what could be expected to reach the developing offspring through the placenta during pregnancy and the nursing infant though breast milk. LOD: limit of detection; BDL: below detection limit; GM: geometric mean; NA: not applicable *The lower limit of the range was considered as half of the corresponding non-lipid-adjusted LOD divided by the estimated total lipid concen tration (6.52 g/L)
The most prevalent chemical found in serum samples, pentachloroanisole (PCA), is not released directly into the environment; it is a transformation product of pentachlorophenol (PCP), which in turn can be a metabolic product of hexachlorobenzene (HCB) and other organochlorines (Ahlborg et al. 1978 , To-Figueras et al. 1997 .
PCP has been used extensively as a pesticide in agriculture and as a fungicidal for wood preservation (Seiler 1991) . Since serum HCB concentrations were not detected in any of the samples and this is an agricultural area, it is probably safe to assume PCP use is the source of local PCA concentrations.
There is scarce information on the potential health effects of PCA, but an experimental study suggests it may cause morphological deformities, possibly affect the central nervous system's development, and act as a thyroid endocrine disruptor in zebrafish (Cheng et al. 2015) . Thus, a more precise identification of sources of exposure to PCA and their elimination is needed.
Also among the most frequently detected compounds in serum were tetrachlorobenzenes (17-33 %) and PCB 205 (43 %). Despite the fact that there is almost no information on the health effects these compounds may cause to humans, the known toxicity of chlorobenzenes and PCBs during pregnancy and early development (Mitro et al. 2015) should suffice to take action in order to reduce these potential exposures during critical windows of exposure.
The most commonly found DDT metabolite, dichlorodiphenyldichloroethylene (p,p'DDE), was detected in 21% of the samples. Although the nonadjusted concentrations found in this study (~0.28-13.51 ng/mL) are very similar to those found in a study from 2009 in the Yaqui and Mayo Valleys in children aged 6-12 (0.25 to 10.3 ng/mL), the latter study detected p,p' DDE concentrations in 100 % of the samples (Meza-Montenegro et al. 2013) .
Mexico has been conducting activities for more than a decade to phase out lindane (Ramos et al. 2011) . Results of these activities can perhaps be seen in the fact that only 5 % of the samples had detectable Meza-Montenegro et al. 2013) . It should be noted that LODs in our study for p,p'DDE (0.55 ng/mL) and lindane (0.22 ng/mL) were similar to those reported in the study by MezaMontenegro et al. (2013) : between 0.2 and 0.5 μg/L for all compounds. However, it is noteworthy that α-HCH or β-HCH (the other isomers of HCH and more toxic byproducts of lindane) were present in 15 % of our serum samples.
Trans-nonachlor was present in more serum samples than any other constituent of chlordane (10 %), but it was not detected in the pooled milk sample. This prevalence of trans-nonachlor is noteworthy because it seems to be the most toxic of all the chlordane components (Bondy et al. 2000) . Among the effects of trans-nonachlor seen in rats are hepatic changes and endocrine disruption (Bondy et al. 2004 ).
PCB 180 was one of the most commonly found PCBs in serum (16 % of the samples), but was much less frequently found than in samples from around the same time in other cities worldwide: > 80 % in the general population of a Sicilian city with an agricultural tradition (Amodio et al. 2012) and > 98 % in Tunisian women (Artacho-Cordón et al. 2015) . Still, due to the health effects associated to PCB 180, like obesity and endocrine disruption (Ferrante et al. 2014) , it is important to monitor and reduce its levels.
Serum and milk samples did not come from the same women, they were analyzed by different laboratories with different detection limits, and they were taken with a two-year gap. Yet, examining the concentrations of specific compounds measured in both of these matrices, we see that p,p'DDE and PCB 180 seem to be prevalent pollutants in the area, based on their high percentages of detection and levels.
Therefore, local women are probably exposed to p,p'DDE and PCB 180, thus leading to a prenatal However, the present study found a concentration approximately 600 times higher than that found in the United States, both in women who lived in urban areas (107 pg/g) and in women who lived in agricultural areas (102 pg/g) (Weldon et al. 2011) . Comparing PCBs levels found in milk in this study, a similar situation arose: levels were considerably higher in women from Yucatan, Mexico (Rodas-Ortiz et al. 2008 ) and lower in women from the United States (Weldon et al. 2011) .
In regards to PCDD/F concentrations in milk, there is an important lack of information in Mexico. As far as we know, there are no other studies that have measured PCDD/F concentrations in human milk in Mexico.
This study represents the first approach to monitoring these compounds. Congeners of furans and dioxins with the highest milk concentrations were 2,3,4,7,8-PeCDF (3.42 pg/g) and OCDD (33.0 pg/g), respectively. The ∑PCDD/F-TEQ of our study (5.32 pg/g) was approximately three times lower than the sum of these compounds found in a similar study done in Brazil with pooled milk samples (15.37 pg/g) (Ferreira and Moreira 2015) , and very similar to the mean sum of individual samples reported in a study in China (5.4 pg TEQ/g lipid) (Lu et al. 2015) .
A POP that does not appear to be a local problem is heptachlor, since it was not detected in any of the serum or milk samples.
The data on serum POPs concentrations needs to be interpreted cautiously in view of the serum POPs LOD being relatively high; this study's LOD for p,p'DDE was more than twice the LOD of 0.02 μg/L reported by Cupul-Uicab et al. (2010) .
Also, in the POPs in serum study, lipids were not measured directly and a single value was used for all based on the best data available, consequently lipid adjusted POPs concentrations are subject to more estimation error.
Regarding the milk POPs results, we don't have information on the individual samples and thus of the range of values. Therefore, we cannot speculate whether some nursing infants in the study area could be assumed to be ingesting breast milk with POPs concentrations above acceptable daily intake values.
CONCLUSIONS
Considering the information gap on POPs's biological monitoring in Mexico, especially of PCDD/ Fs, this study provides useful information to build on. The toxic effects of POPs justify more in-depth biological monitoring. Moreover, serum samples may serve as a proxy for prenatal exposure during a critical developmental window. On the other hand, human milk is a good indicator of the body burden. Due to its high lipid content, it can accumulate lipophilic compounds and it is relatively easy to obtain through non-invasive methods.
Therefore, more monitoring studies at an individual level and during critical windows of development should be carried out using these matrices to have a more complete picture of the trends and the current state of potential exposure to POPs in the most vulnerable subpopulations. An in-depth analysis of the determinants of POPs's concentrations was beyond the scope and the possibilities of this study, but it is also something that should be investigated.
